Multivariate genetic evaluation in modern dairy cattle breeding programs became important in the last decades. The simultaneous estimation of all production and functional traits is still demanding. Different meta-models are used to overcome several constraints. The aim of this study was to conduct an approximate multivariate two-step procedure applied to de-regressed breeding values and yield deviations of five fertility traits of Austrian Pinzgau cattle and to compare results with routinely estimated breeding values. The approximate two-step procedure applied to de-regressed breeding values performed better than the procedure applied to yield deviations. Spearman rank correlations for all animals, sires and cows were between 0.996 and 0.999 for the procedure applied to de-regressed breeding values and between 0.866 and 0.995 for the procedure applied to yield deviations. The results are encouraging to move from the currently used selection index in routine genetic evaluation towards an approximate two-step procedure applied to de-regressed breeding values.
INTRODUCTION
Due to the increased number of production and functional traits in modern dairy cattle breeding programs, multivariate genetic evaluation became increasingly interesting over the last decades. One of the major challenges is the simultaneous evaluation of all traits. Hence, different meta-models were proposed for national and international genetic evaluations, e.g. an approximate two-step approach using pseudo-phenotypes (Ducrocq et al., 2001) or Multiple trait Across Country Evaluation (MACE; Schaeffer, 1994; Schaeffer, 2001 ). At present, the joint genetic evaluation of Austria and Germany is optimised aiming at a multiple trait genetic evaluation. Currently, selection is based on a total merit index (TMI) derived by Miesenberger (1997) . The TMI of the evaluated cattle breeds consists up to 30 production and functional traits.
Breeding values for the TMI as well as for several sub-indices are estimated either using univariate (e.g. protein yield) or multivariate (e.g. calving ease and stillbirth) methods by applying animal or sire-maternalgrandsire models (the latter for functional longevity only). Some of these models include repeated measures, such as somatic cell count . Subsequently, estimated breeding values (EBV) for individual traits are combined to form the TMI or other sub-indices by assuming that residual covariances between traits or groups of traits are equal to zero. Additionally, genetic correlations between many traits are assumed to be zero or were obtained from literature (Miesenberger, 1997) . These constraints lead to an upwards biased TMI for animals with low reliabilities. This assumption was confirmed on simulated data by Pfeiffer et al. (2015) . In fact, a full multivariate estimation based on phenotypic data would be the optimum methodology. However, it is usually not feasible (Mrode, 2014) due to the tremendous amount of data in genetic evaluations and restricted computer power (Lassen et Pfeiffer et al., 2015) . Results of the simulation study by Pfeiffer et al. (2015) were encouraging, but the procedure has to be approved on field data. Therefore, the objective of this study was the comparison of routinely estimated breeding values (EBVr) for fertility traits with results of an approximate two-step procedure based on de-regressed breeding values (drEBV) and yield deviations (YD), respectively.
MATERIAL AND METHODS
All routinely evaluated fertility traits of Pinzgau cattle were chosen to test the approximate two-step procedure applied to drEBV (procedure PdrEBV) and YD (procedure PYD). These were non-return-rate 56 for heifers (NR-H) and cows (NR-C), days from first calving to first insemination (CFI) and days from first to last insemination for heifers (FLI-H) and cows (FLI-C). In total, 294,027 records of 104,866 cows and heifers inseminated between the years 1990 and 2014 were analysed. The pedigree consisted of 183,129 animals. In the first step for PdrEBV, a 5-trait genetic evaluation was applied to get EBV using the program package MiX99 (Lidauer et al., 2015) . The following statistical model was used:
where y is a vector of observations of the traits NR-H, NR-C, CFI, FLI-H and FLI-C; b is a vector of systematic effects, including fixed effect of region-year-month of insemination interaction, herd-year interaction, parityage at calving/insemination interaction, inseminatoryear (only for NR-H and NR-C) interaction and service sire (only for NR-H and NR-C); a is a vector of animal effects; p is a vector of permanent environmental effects (only for cows) and e is a vector of residuals; X, Z and W are the corresponding incidence matrices. Fertility EBV were then de-regressed by a multivariate de-regression approach (Schaeffer, 2001 where y* is a vector of YD; y is a vector of phenotypic observations of the traits NR-H, NR-C, CFI, FLI-H and FLI-C; b indicates the vector of all fixed effects, already described for equation 1; p is a vector of permanent environmental effects (only for cows); X and Z are the corresponding incidence matrices. After de-regressing EBV and computing YD, respectively, all five traits were analysed by means of the following multivariate animal model:
where y # indicates either drEBV or YD of the respective trait; µ is the general mean; a is a vector of random animal additive genetic effects and e denotes a vector of random residual effects. X and Z represent the corresponding incidence matrices. Based on approximate Interbull reliabilities (Strandén et al., 2000) effective own performances (Edel et al., 2009) were calculated and used as weighting factors for drEBV and YD in the multivariate genetic evaluation. Routine genetic parameters were used for the multivariate genetic evaluation. Spearman rank correlations between EBV of routine genetic evaluation, PdrEBV and PYD were calculated using the program package SAS 9.2 (SAS, 2008). All EBV were standardised to relative breeding values with a mean of 100 and an additive genetic standard deviation of 12.
RESULTS AND DISCUSSION
Means and standard deviations of EBVr, PdrEBV and PYD for all animals and sires with reliabilities higher than 50% (n=318) are given in Table 1 . Means for each trait and procedure were similar, also standard deviations of EBVr and PdrEBV were almost equal. Standard deviations for PYD were lower compared to EBVr and PdrEBV. Table 2 shows the rank correlations between routinely estimated breeding values and the two-step procedure applied to drEBV and YD, respectively, for all animals, sires with reliabilities higher than 50% and cows with reliabilities higher than 30%. Correlations between EBVr and PdrEBV were almost 1 for all traits and animal groups. Correlations between EBVr and PYD were lower. These results were in accordance with the simulation study of Pfeiffer et al. (2015) . Authors could show that outcomes of an approximate two-step procedure applied to drEBV were always closer to the reference method, which was a full multivariate animal model based on phenotypic data, than those of an approximate two-step procedure applied to YD.
In accordance with the earlier studies (Sigurdsson and Banos, 1995; Thomsen et al., 2001 ), proposing drEBV to be reliable alternatives to daughter yield deviations, the approximate two-step procedure applied to drEBV is feasible. For the development of routine genetic evaluation, an approximate two-step procedure applied to drEBV is recommended as drEBV are easier available for all traits included in the TMI than YD and Interbull breeding values can be implemented straightforwardly. Unpublished results of Pfeiffer (2015) also showed that the estimation of genetic parameters using an approximate two-step procedure applied to drEBV was feasible. The entire procedure, including new genetic parameters is still under development.
CONCLUSION
An approximate two-step procedure applied to drEBV and YD based on field data is feasible. The results are encouraging for further work on their implementation in routine genetic evaluation. The results open up perspectives for the replacement of the current selection index method by an approximate two-step procedure based on drEBV. 
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